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© Method of preparing steroid compounds. 
© The present invention relates to a method of preparing 
steroid compounds in a form having a particle she within a 
desired and specific range. 

The compounds prepared by the method of the inven- 
tion are those having a basic ring structure of the general 
formula: 



0. 

in 



non-solvent for the compound with the said solution, and 
controlling the mixing conditions to produce a precipitate 
having the desired reduced particle she. 



wherein X represents the remainder of a heterocyclic ring, in 
particular a 5-membered ring having at least 2 heteroatoms, 
and the method comprises dissolving the compound In an 
organic solvent, precipitating the compound by mixing a 
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METHOD OF PREPARING STEROID COMPOUNDS 
The present invention relates to a method of 
preparing steroid compounds. In particular, the 
invention provides a method of preparing such compounds 
in a form having a particle size within a desired and 
5 specific range. 

In our co-pending British Patent Application No. 
83-29173, there are described and claimed, in particular 
for use in preparing pharmaceutical compositions having 
improved absorption characteristics, certain 
10 2 -cyano-4 ,5 -epoxy-3-oxo-steroid compounds, the 
compounds being in particulate form and consisting- of 
particles having a mean equivalent sphere volume 
diameter of less than about 20 microns, at least 95% of 
the particles having a particle size of less than 
15 about 50 microns. 

Our earlier Application is particularly 
concerned with the steroid compound having the common 
name "trilostane". However, the earlier invention also 
embraces the steroid compound known by the common name 
20 "epostane", which is a compound having the formula: 
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Furthermore, our earlier Application describes the 
preparation of, for example, trilostane in particulate 
form within the specified particle size range by the use 
of milling, preferably by the use of a fluid energy 

5 (air) mill under suitable conditions e.g. of axr 
pressure and feed rate. In the case of epostane, 
however, we have observed that the raw compound is not 
easily reduced to a suitable particle size using a 
milling technique. Furthermore, in some instances 

10 milling can lead to a polymorphic change (which is 
undesirable), and/or to the formation of other 

impurities. , 
As a result of our study of the problem of 
preparing epostane in reduced particle size form, we 

15 have now found surprisingly that a more highly 
consistent material of reduced particle size can be 
produced, both in the case of epostane and in the case 
of like compounds, by first dissolving the compound in 
an organic solvent at a suitable concentration, and then 

20 precipitating the compound by mixing a non-solvent for 
the compound with the said solution, the mixing 
conditions being controlled to produce a precipitate 
having the desired reduced particle size. 

Accordingly, the present invention provides a 

25 method of preparing a compound having a basic ring 
structure of the general formula: 




(II) 



or 




(III) 
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15 



wherein X represents the remainder of a heterocyclic 
ring, in particular a 5-membered ring having at least 
two heteroatoms, in a form having a reduced particle 
size, which method comprises dissolving the compound in 
5 an organic solvent, precipitating the compound by mixing 
a non-solvent for the compound with the said solution, 
and controlling the mixing conditions to produce a 
precipitate having the desired reduced particle size. 

The method of the present invention may be used to 
10 prepare steroid compounds of the above formula II or III 
having a particle size reduced to varying degrees 
depending on the control exercised over the mixing 
conditions. Thus, the method may be used to prepare 
steroid compounds having a reduced particle size in 
accordance with Application No. 83-29173, that is to say 
the method may be one in which the mixing conditions are 
controlled so that the chosen compound is prepared in a 
form comprising particles having a mean equivalent 
sphere volume diameter of less than about 20 microns, 
at least 95% of the particles having a particle 
size of less than about 50 microns. Furthermore, when 
following the teaching of the earlier invention, it is 
preferred that the mixing should be controlled so that 
the compound is prepared in a form consisting of 
particles having a mean equivalent sphere volume 
diameter within the various preferred limits disclosed 
in the earlier Application, for example, preferably of 
from about 4 to about 12 microns, and more preferably of 
from about 5 to about 10 microns. 

It is to be understood, however, that in the 
present invention the particle size of the compound may 
be outside the, general or preferred ranges of the 
earlier invention. Thus, for example, as described 
specifically below particle sizes sometimes above 12 
3 5 microns, e.g. 15 microns, but sometimes more generally 
below 5 microns may be obtained using the method of 
the invention. 

Additionally or alternatively, and sometimes 
preferably, in the method of the present invention the 
40 mixing may be controlled so that the chosen compound is 
prepared in a form exhibiting a specific surface area of 
from about 1 to about 9 m 2 g _;L . However, it is more, 
preferred that the mixing is controlled so that the 
specific surface area of the chosen compound prepared by 



20 



25 



30 
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the method of the invention is from about 2 to 
about 4 m 2 g _1 , especially in the case of epostane. 

While a variety of organic solvents may be 
employed to dissolve compounds having a basic ring 
5 structure of the formula II or III set out above, the 
preferred organic solvents for use in the method of the 
present invention are acetone and dimethylf ormamide 
(DMF). In addition, it is preferred to use water as 
the non-solvent or a non-solvent comprising water, and 
*° the solvent power of the chosen organic solvent may be 
adjusted if desired or necessary by employing a suitable 
mixture of solvent e.g. DMF, and non-solvent e.g. water, 
as the solvent medium. 

In carrying out the method of the invention, the 
15 compound to be prepared in reduced particle size form is 
first dissolved in the chosen solvent. Generally, the 
compound will be dissolved in an amount with respect to 
the volume of solvent employed so as to give a dilution 
level which affords a reasonably wide variation in 
2d particle size of material thrown out of solution 
depending on the mixing conditions employed. Then, the 
desired particle size can be obtained by controlling the 
mixing conditions, in particular the rate of mixing, to 
within the parameters which afford the desired particle 

S12e * m order to achieve a suitable dilution, it may be 
necessary to choose with care the solvent in which the 
compound to be treated is to be dissolved. In that 
respect, we believe it is necessary for the compound to 
30 be at least reasonably soluble in the chosen solvent 
e.g. to a level of at least about 125 g/litre, and 
preferably at least about 300 g/litre, so as to provide 
at least some time lag between initial mixing of non- 
solvent and solution, and the commencement of 
35 precipitation. Thus, preferably the organic solvent 
and/or the dilution of the solution will be chosen so 
that the compound does not pecipitate from the solution 
immediately on addition of the non-solvent, the delay in 
precipitation preferably being of the order of about 2 
40 to about 3 minutes after mixing with the non-solvent is 
commenced. 

Preferably, the desired particle size 
characteristics are obtained by controlling the rate of 
mixing of the non-solvent with a solution in an organic 
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solvent of the compound to be treated. In addition, it 
is preferred that the volume of non-solvent should be 
approximately equal to the volume of solvent, and mixing 
is preferably accomplished over a period of time of from 
5 about 4 to about 10 minutes. Thus, a typical preferred 
mixing time is about 6 minutes, and the necessary 
metering of non-solvent may conveniently be effected 
using a pump , for example, a peristaltic pump to supply 
* the non-solvent to the solution. Alternatively, flow 
10 mixing (where the solution and solvent are blended in 
equal proportions) or inverse addition (where the 
solution is added to the non-solvent) may be employed. 

In the method of the invention, it is also 
preferred that the mixing should be effected under 
15 conditions in which at least the solution is agitated, 
and preferably under conditions of high turbulence such 
as are obtained using a vibro-mixer. The degree of 
agitation necessary is to some extent governed by the 
rate of mixing of the non-solvent with the solution, and 
20 in order to ensure that a homogeneous mixture is 
produced it is preferred to increase the degree of 
agitation as the rate of mixing increases. It is 
believed that the rate of mixing determines the 
particle size, while the degree of agitation determines 
25 the uniformity of the product, i.e. the higher the 
degree of agitation the more uniform the product. 
However, provided those criteria are kept in mind the 
degree of agitation may be varied widely, for example, 
as represented by stirring speeds of from about 50 to 
30 about 500 rpm. Preferably also, the thus-formed 
liquid/solid suspension is stirred out under less 
turbulent conditions, preferably for a period of time up 
to 24 hours. 

While the method of the invention is applicable to* 
35 a variety of steroid compounds within* the 
above formula II or III, the method is particularly 
applicable to the compounds commonly known as 
"trilostane" and "epostane" , those compounds falling 
within the formulas 
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(IV) 



10 



wherein R is hydrogen or methyl and R" is hydrogen or 
lower alkyl. 

In the above formula IV the compound known as 
"trilostane" is that wherein R and R" are hydrogen, and 
the compound known as "epostane" is that wherein R and 

R" are methyl. 

Other specific compounds to which the method of 

the invention is applicable are: 

1. The compound known as "ni vaco rtol% that is a 
compound having the formulas C=CH 

-OH 




(V) 



2. The compound known as "danazol w , that is a compound 
having the formula: • 

C=CH 
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3. The compound known as "17-ketotrilostane", that is a 
compound having the formula: 




(Vll) 



as described in our co-pending British Patent 
Application No. 84-04980. 

4. The compound known as "stanozolol", that is a 
compound having the formula: 




(VIII) 



The method of the invention may include the step 
of isolating the compound . prepared in the desired 
particle size form. Furthermore, the method may include, 
one or more additional steps of blending the compound of 
reduced particle size with one or more 
pharmaceutically-acceptable excipients or carriers, and 
optionally thereafter bringing the thus-formed 
composition into a unit dosage form, for example, as a 
tablet, a capsule, a granulate for suspension, a cream , 
an ointment, a suppository or a suspension. In 
particular, the method of the invention may include the 
additional steps of granulation and terminal blending 



10 
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subsequent to isolation of the compound of reduced 

particle size. 

The compound prepared in the desired particle size 
form may be isolated from the solid 
compound/solvent/non-solvent mixture by, for example, 
filtration, then washed and dried. A variety of drying 
techniques may be employed which may include one or more 
of suction drying, tray drying and oven drying. In 
addition, as may be necessary, one or more of the 
various steps of the method of the invention may be 
carried out under an inert atmosphere e.g. under an 
atmosphere of nitrogen. 

In order to demonstrate the advantages of 
controlling the particle size of epostane and like 
15 steroid compounds a bioavailability study was carried 

out as follows: 

The bioavailability of epostane from tablets 
containing a preferred raw material having a 
surface area in the range of from 2 to 4m g i.e. 
3.81 »V 1 « was compared in 8 male volunteers with 
that from tablets containing either a coarse grade 
material (surface area 0.56 m g~ ) or an 
especially fine grade material (surface area 7.01 

25 m the* study, eight volunteers were dosed with 

epostane tablets (total dose 400 mg) on a cross- 
over basis, with 7 days between doses. Blood 
samples were taken before dosing and at 0.5, 1.0, 
1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0, and 24.0 hours 
after dosing. Plasma was separated by 
centrifugation and stored at -15"C or lower until 
assay. 

Plasma samples were analysed for epostane by HPLC 
(high pressure liquid chromatography) using a 
35 Partsil 5 C-8 RAC column. The eluent was 0.1M 

sodium acetate (pH 6.5 ) methanol (40*60 v/v) 
delivered at a flow rate of 2.0 ml .min and 
detection was at 280nm. 

The plasma epostane concentration data was 
40 processed using the programme 'BIOMU'. From an 

input of plasma concentrations by volunteer and 
part classification, and an input of the cross- 
over design, this programme produces tables of 
data according to formulation, determines the 



20 



30 




parameters C ma3C and t max by inspection, calculates 
AUC& (where t is the last sampling point) using 
the trapezoidal rule r and performs statistical 
comparisons using the Student paired t-test. 

5 From the results obtained, the tablets made from 

coarse grade material clearly gave lower plasma 
concentrations of epostane than the tablets made 
from preferred material as well as significant 
* differences in the C max <P 0.01) and AUC 

10 (P 0.02) parameters, the mean results for each 

being: 

C maX AUC 
Coarse grade 378.4 2115 

Preferred grade 775 4147 

Furthermore, the bioavailability from the coarse 
15 grade material was 51% of that of the preferred 

material . 

In addition, while the mean plasma concentration 
profile for the fine grade material indicated 
quicker initial absorption from that material, in 
20 comparison with absorption from the preferred 

material, the only significant difference observed 
was in concentration at the 2.0 hour time point. 
Also, the mean values for C max and AUC were 613 
and 3031 respectively for the fine grade material, 
25 and again the bioavailability from the tablets 

made from smaller particle size material was less, 
being only 74% that of the preferred material. 
From the above results it will be seen that by 
using the method of the invention to produce say 
30 epostane having, a particle size within the preferred 
range, a significant advantage can result in use of that 
compound in terms of the resulting bioavailability* 
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The method of the invention and compounds prepared 
thereby are illustrated in the procedures of the 
following specific Examples. 

Example 1 

5 3.49 kg of epostane were dissolved in 15 litres 

of Analar DMP at 25»C under an atmosphere of nitrogen 
gas to give an almost colourless solution. The solution 
was passed rapidly through a glass wool plug, in order 
to remove any undissolved particulate matter, xnto 
10 a 60 litre stainless steel container under a blanket 
of nitrogen gas. The clear solution was rapidly stirred 
using a glass Herschberg stirrer. 15 litres of 
distilled water were added over a period of 30 seconds 
and the temperature of the thus-formed liquid/solid 
15 suspension rose to 37»C. The suspension was stirred 
out overnight under a blanket of nitrogen gas and the 
mixture was cooled to O'C using a stainless steel 
flexiprobe cooler. The product was then recovered by 
filtration through a polypropylene filter cloth (smooth 
side facing upwards) on a bench top Buchner funnel and 
pressed dry. The product was washed with water (2 x 
12.5 litres) at 17»C and dried under suction for 36 
hours. The partially dry material was transferred to 
large stainless steel trays and dried in air for 5 days. 
The material was spread out thinly on the trays and 
the larger lumps of material were broken up at regular 
intervals (every 6 hours) to assist the drying Process. 
After this time the material was dried in vacuo at 65 C 
for 24 hours, the temperature of the vacuum-oven being 
controlled using a -fail-safe' Fi-monitor to ensure that 
the temperature of the oven did not exceed 65»C, since 
overheating of the oven is detrimental to the quality 
of the product. ' 

Yield: 3.13 kg, 89.7%, m.p. 170.4 to 172"C. 

The infra-red spectrum, differential scanning 
calorimeter trace and X-ray powder dif f ractogram of the 
thus-prepared^ material confirmed that the material had 
the desired polymorphic form (Form I). 

Microscopic examination revealed a fairly narrow 
range of particle sizes up to approximately 15 microns 
with the vast majority of particles being less than 5 
microns. Surface area measurements (Strohlein) gave 
duplicate values of 8.44 m 2 g" A and 7.57 m g . 



25 



30 



35 



40 




0142309 

- 11 - 

Example 2 

A 5.082 kg sample of epostane was divided into two 
batches each of 2.541 kg and each batch was dissolved in 
10.92 litres of DMF under a flow of nitrogen gas at 
60°C to give a dark brown, almost black coloured 
5 solution. When all of the epostane had dissolved, the 
two batches were combined in a large 60 litre stainless 

* steel container under a blanket of nitrogen gas. The 
solution was stirred rapidly by a glass Herschberg 
stirrer and two Buchi "vibro-raixers" at full power. 

10 21.73 litres of water were added over a period of 30 
seconds and the final temperature of the thus-formed 
liquid/solid suspension was 46°C. The "vibro-mixers H 
were switched off after a uniform suspension was 
achieved (approximately 30 seconds). The thick, white 
15 suspension was stirred out overnight under a blanket of 
nitrogen gas and the mixture was simultaneously cooled 
to 0°C using a stainless steel flexiprobe cooler. The 
product was recovered by filtration of the suspension 
through a polypropylene filter cloth (smooth side facing 
20 upwards) on a benchtop Buchner funnel and washed with 
distilled water (60 litres) and pressed dry. The 
product was dried under suction for 24 hours and 
transferred to stainless steel trays and air-dried at 
ambient temperature for 5 days. The material was spread 
25 out thinly on the trays and the larger lumps of material 
were broken up at regular intervals (every 6 hours) to 
assist the drying process. The material was then 
transferred to a vacuum oven and dried in vacuo at 50 to 
60°C for 36 hours to give a white, very fine crystalline 
30 powder of epostane, the temperature of the vacuum-oven 
again being controlled using a •fail-safe' Fi-monitor to 
ensure that the temperature of the vacuum-oven did not 
exceed 65°C. 

Yields 4.91 kg, 97%, m.p. 169.8 to 171. 4°C„ 
35 Infra-red spectrum and X-ray powder dif f ractogram 

data confirmed that the thus-formed epostane is of the 
desired polymorphic Form I. 

Microscopic examination revealed a narrow 
distribution of particle sizes with the vast majority of 

* 40 particles less than 5 microns in si2e. Surface area 

measurements (Strohlein) gave duplicate values of 
7.27 n^g" 1 and 7.36 n^g"" 1 . 
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Example 3 

Effect of Addition Rate on Particle Size (Epostane ) 

For each of four experiments, epostane (250 g) 
was dissolved in DMP (1.05 litres) at 40°C in a 2 litre 
flat-topped reactor under a nitrogen atmosphere and the 
solution stirred at about 300 r.p.m. by a glass 
Herschberg stirrer driven by a Citenco overhead 
mechanical stirrer motor. The solution was allowed to 
cool within the range of from 30°C to 35°C and then 
water at room temperature (1.05 litres) was added over 
one of the following approximate periods, namely: 
0.5 minutes - manually 
2 minutes - via peristaltic pump 
4 minutes - via peristaltic pump 
5 32 minutes - via peristaltic pump. 

The suspensions resulting from the addition of 
water were stirred for a further hour under nitrogen and 
then the precipitated material was recovered by 
filtration. The residues, after washing with water 
10 (3 litres), were dried under reduced pressure overnight 
and then in a vacuum oven (approximately 2mm Hg) at 
60°C for a further 24 hours* 

All batches of material produced were shown to be 
predominantly of the desired end polymorph by means of 
25 infra-red spectroscopy and X-ray powder diffraction and 
all were acceptable analytically. The results of 
duplicate determinations of the surface areas 
(Strohlein) of the materials produced are given, below: 
Addition time (minutes ) Surface Area (m g~ ) 

30 " 9.49 r 9.80 

2 * 5.34, 5.38 

4 3.79, 3.83 

32 9 1.72, 1.48 

Example 4 

35 500 g of epostane were dissolved in DMP (2.1 

litres) at 40°C and the solution stirred under 
nitrogen as described in Example 3 above. Water (2.1 
litres) at 25.5°C was added over 6 minutes via a 
previously calibrated Watson-Marlow 501 Hiflow 

40 peristaltic pump. 

After the addition of water was complete, the 
suspension was stirred for a further hour. The epostane 
recovered by filtration through a polypropylene cloth 
was washed carefully with 6 litres of water. The filter 
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cake was dried under suction overnight and then 
transferred to a vacuum oven where it was dried in vacuo 
(2mm Hg) for 4 hours at ambient temperature and 16 hours 
at 60°C. 

• 5 T he yield of the white crystalline product 

was 479g (96%)* 2 , 

Duplicate values of 3.11 m 2 g~ x and 3.17 m g 
(Strohlein) were obtained on the material produced. 

Example 5 

10 2.1 kg of epostane were placed in a 20 litre flat 

top reactor, fitted with thermometer, nitrogen bleed and 
a Citenco overhead mechanical stirrer. DMF (8.82 
litres) pre-heated to 40°C was added to the reactor 
under a blanket of nitrogen gas. The mixture was 
stirred at 300 r.p.m. until all the epostane had 
dissolved (3 to 4 minutes). The temperature of the DMF 
solution was 34.5*C; Water at 27.5°C was added at a 
rate of 1.47 litres min"* 1 for 6 minutes. 

Crystallisation commenced after 2.25 minutes. 
20 After the water addition was complete, the liquid/solid 
suspension was stirred out for 1 hour under a blanket of 

nitrogen gas. 

The epostane was recovered by filtration on a 
polypropylene filter cloth (smooth surface upwards) and 
25 washed well with distilled water (1x20 litres, 1x12 
litres, 2x4 litres.). The material was dried under 
suction overnight and then transferred to stainless 
steel trays and air-dried for 3 days and finally dried 
under vacuum ( 2mm Hg) at 60 C C for 16 hours. 
30 Two further batches of 2.1 kg and 1 kg were also 

processed as described above. 

The three ^products thus-obtained were all of the 
desired polymorphic form, all had surface areas 
(Strohlein) in the range from about 3.1 to about 3.3 
m 2 g -l an d recoveries ranged from 92 to 95.4%. 

Example 6 

Effect of Addition Rate on Particle Siz e (Trilostane) 

For each of five experiments, trilostane (200 g) 
was dissolved in DMF (1.27 litres) at 60«C in a 2 litre 
flat-topped reactor under a nitrogen atmosphere and the 
solution stirred at about 200 r.p.m. by a glass 
Herschberg stirrer driven by a Buddeberg overhead air 
driven stirrer motor. The solution was allowed to cool 
* within the range of from 30 °C to 35°C and then water at 
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room temperature (0.635 litres) was added over one of 
the following approximate periods using a previously 
calibrated peristaltic pump: 
0*5 minutes 
5 2 minutes 

4 minutes 
8 minutes 
16 minutes 
The suspensions resulting from the addition of 
10 water were stirred for a further hour under nitrogen and 
then the precipitated material was recovered by 
filtration. The residues after washing with 50% aqueous 
DMF (1 litre) and water (3 x 2 litres) were dried in a 
vacuum oven (approximately 2mm Hg) at 60°C for 16 hours. 
15 All batches of material were shown to be 

acceptable analytically. The results of determinations 
of the surface areas (Strohlein) of the materials 
produced and the percentage recoveries are given below: 
Addition time Surface area (Recovery %) 

20 (minutes) (m^" 1 ) m 

0.5 5.25 95.4 

2 2.86 95.6 

4 1.54 94.4 

8 0.96 92.2 

25 16 1*29 90.3 

Example 7 

Effect of Addition Rate on Partic le Size of 17- 

ketotrilostane 

For each of four experiments 17-ketotrilostane 
30 (20 g) was dissolved in DMF (140 ml) at 50°C in a 1 
litre flat-topped reactor under a nitrogen atmosphere 
and the solution stirred at about 200 r.p.m. by a glass 
Herschberg stirrer driven by a Buddeberg overhead air 
driven stirrer motor. The solution was allowed to cool 
35 within the range of from 30°C to 35*C and then water at 
room temperature (140 ml) was added over one of the 
following approximate periods using a previously 
calibrated peristaltic pump: 
0.5 minutes 
40 2 minutes 

8 minutes 
16 minutes 

The suspensions resulting from the addition of 
water were stirred for a further hour under nitrogen and 
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then the precipitated material was collected by 
filtration. The residues after washing with 50% aqueous 
DMF (300 ml) and water (2 x 700 ml) were dried in a 
vacuum oven (approximately 2 mm Hg) at 60°C for 16 
hours. All batches of material produced were shown to 
be acceptable analytically. The results of the 
determinations of the surface areas (Strohlein) and the 
percentage recoveries of the materials produced are 
given below: 

Addition time Surface Area Recovery (%) 

(minutes) (mV" 1 ) _ 

0.5 5.48 96 



2 
8 
16 



4.86 
3.34 
4.28 



96 
94 

92.5 
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CLAIMS 

1. A method of preparing a compound having a basic 
ring structure of the general formula: 



or 




Cin) 



wherein X represents the remainder of a heterocyclic 
ring, in particular a 5-membered ring having at least 2 

5 heteroatoros, in a form having a reduced particle Size, 
which method comprises dissolving the compound in an- 
organic solvent, precipitating the compound by mixing a 
non-solvent for the compound with the solution, and 
controlling the mixing conditions to produce a 

10 precipitate having the desired reduced particle size. 

2. A method according to claim 1, wherein the mixing 
conditions are controlled so that the compound is 
prepared in a form consisting of particles having a 
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mean equivalent sphere volume diameter of less than 
about 20 microns, at least 95% of the particles having a 
particle size of less than about 50 microns, and 
preferably in a form consisting of particles having a 
mean equivalent sphere volume diameter of from about 4 
to about 12 microns. 

3. A method according to claim 1 or claim 2, wherein 
the mixing is controlled so that the compound is 
prepared in a form exhibiting a specific surface area of 
from about 1 to about 9 m 2 g -1 r and preferably a specific 
surface area of from about 2 to about 4 m 2 g~ . 

4. A method according to any one of the preceding 
claims, wherein the organic solvent is dimethylf ormamide 
or acetone and/or the non-solvent is water. 

15 5. A method according to any one of the preceding 
claims, wherein the rate of mixing of the non-solvent 
with the said solution - is* controlled to produce the 
desired particle size characteristics. 

6. A method according to any one of the preceding 
20 claims, wherein a volume of non-solvent approximately 

equal to the volume of solvent is mixed with the 
solution over a period of time of from about 4 to about 
10 minutes, and preferably of about 6 minutes. 

7. A method according to any one of the preceding 
25 claims, wherein the solution is agitated during mixing 

and/or the liquid/solid suspension resulting from 
mixing is stirred out. 

8. A method according to any one of the preceding 
claims, wherein the compound is epostane, trilostane, 

30 nivacortol, danazol, 17-ketotrilostane or stanozolol. 

9* A method according to any one of the preceding 
claims, which' includes the step of isolating the 
compound prepared in the desired particle size form, and 
the isolation preferably includes one or more drying 
35 steps selected from suction drying, tray drying and 
oven drying., the method preferably also including one 
or more additional steps of blending isolated compound 
of reduced particle size with one or more 
pharmaceutically-acceptable excipients or carriers, 
the blended compound preferably being brought into a 
unit dosage form such as a tablet, a capsule, a 
granulate for suspension, a cream, an ointment, a 
suppository or a suspension, and said additional steps 
more preferably including granulation and terminal 
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blending subsequent to isolation of the compound of 
reduced particle size. 

10. A method according to any one of the preceding 
claims, wherein the organic solvent and/or the dilution 
of the solution are chosen so that the compound does not 
precipitate from the solution immediately on mixing with 
the non-solvent, the delay in precipitation preferably 
being of the order of about 2 to about 3 minutes after 
mixing is commenced. 

11. A compound of the formula II or III as defined in 
claim 1 when prepared by a method according to any one 
of the preceding claims. 
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Description 

The present Invention relates to a method of preparing steroid compounds in e form having a particle 

SlM L-^h^^SnNo^O.SBS. there are described and claimed, in particular for use in 

preparing ' S^SSSSS^SuSl^ improved absorption characteristics certain to*™ 
^SoZoSxo^teroid compounds, the compounds being in particulate form and consist. ng erf 
ptrtides teCSg a mean equivalent sphere volume diameter of less than about 20 urn. at least 95% of the 

namr^ilostene^However. the earlier invention also embraces the steroid compound known by the 
common name "epostane", which is a compound having the formula: 



is 
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Furthermore, that compound known as "epostane" is also described in Britisf V^dflcation No. 
2,0107278 where/in Example 1, step (f) end in Example 12 "epostane" is said to be recrystallised from hot 

"s^oTA^ Nf W30.588 describes the preparation of, for example, trilostane In 
parti^ieieform^ 

anerov (air) mill under suitable conditions e.g. of air pressure and feed rate. In the case of epostane, 
Ze ?we havJ Parted that the raw compound is not easily reduced to a suitable P^^fJ'h.^is 
Sng technique. Furthermore, in some instances milling can lead to a polymorphic change (which .s 
undesirable), and/or to the formation of other impurities. „:.« «— — „,» have 

As e result of our study of the problem of preparing epostane .n .reduce d part.de «^ fo ^°^ 
now found surprisingly that a more highly consistent material of reduced parbcle size ^can be j^duced 
both in the case of epostane and in the case of like compounds, by first dissolving the compound in an 
omanfc wtvent at a suitable concentration, and then precipitating the compound by mixing a non^olyent 
to?*^mpound with the said solution, the mixing conditions being controlled to produce a precip.tate 

^CS^ttX^ e method of preparing a compound having a basic ring 
structure of the general formula: 



NC 



(U) 



(III) 



wherein X represents the remainder of a heterocyclic ring, in particular a 5-membered ring having at least 
two heteroatoms, or a compound of the formula: 



55 



60 



65 



OH 




CH„ 



(VIM) 



in a form having a reduced particle size characterised in that the compound is dissolved in an organic 

2 
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to 32 minutes and agitation is effected dunng m «^^^^^^^ equivalent sphere 
particle size to provide a compound in a form >J°onMfcng ha 3 c 1e size of less than 50 urn. 
volume diameter of less than 20 um, at least 88K crfthe ^^SVJmpoundfof the above formula 

having a particle size of ess than 50 um. JJ^^JJS Is prepared in e form consisting of 

10 Tis to be understood, howeve^ mat in the p^^^^ 
20 microns mey be obtained using ^^^J^SS'la the method of the present invention the 

25 m 2 g-\ especially in the case of epostane. omnIm/ed to dissolve compounds having a basic ring 

the present invention are acetone and ^^^^^^^^^m^attte chosen non-solvent 

^r/dSdVd^ - dmf - and non - 

solvent e.g. water, as the precipitating medium. nreoared in reduced particle size form 

mixing, to within the parametere v^ich^ 

and in orfer to ensure that a homogeneous m,x^rei^^^^^ 

agitation as the rate of mixing Increases. It is believed •^™ e < ratt j»T Si .ft, hiaher the degree of 
while the degree of egitation determines the un.form.ty of *• ^taJJJ- *J SI degree of 
eo agitation the more uniform the product. However. P^^^^ A "^t^a^t 50 to about 

55 formula II or 111, the method is particularly applicable to the compounds commonly known as trilostane 
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and "epostane". those compounds falling within the formula: 




(IV) 



and the compound known as "epostane" Is that wherein R and R are methyl. 

Other specific compounds to which the method of the Invention is applicable are: 
1 The compound known as "nivacortol". that is a compound having the formula. 



25 



30 



35 




2. The compound known as "danazol", that is a compound having the formula: 




3. The compound known as "17-ketotriIostane", that Is a compound having the formula: 



55 



(V) 



(VI) 



(VII) 



60 as described in our co-pending British Patent Application No. 84-04980. 

4. The compound known as "stanozoiol", that is a compound having the formula. 
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The method of the Invention mm £^6^^ 

SLan „,i».«ue<«» toW«> •> T.t,"I'SS3.°uSS ?iw» f~" «. ~»" compos 

-fas ssss M=^rfflwsn2 * - - - M 
sSwST. ssvssi ™ J* « » —*» «~ »-* " , «"'" 

Partsil 5 C-8 RAC column. The eluent was 0.1 M sodium acetate <pH 6.5).methanol (4U.eu v/vj oeuverea » 
flow rate of 2.0 ml.mirT 1 and detection was at 280 nm, ^„ rarnrriQ *o| 0 MU' From an incut 

The plasma epostane concentration data was processed using the Programme BIOMU . From ^ >npm 

the C„» (P 0.01 > and AUC (P 0.02) parameters, the mean results for each being. 



C m „ AUC 

43 ■ Coarse grade 378.4 2115 

Preferred grade 775 4147 



65 



Furthermore, the bioavailability from the coarse grade material-was 51% of that of the preferred 

Mt£™aXmsma.ler parti* size MM ^^^^^^^u^ 

^S££E?l2 ZX^l£££R«-« thereby are i.lustrated in the procedures of the 
following specific Examples. 
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quality of the product 

with the vast majority of particles being less than Sum. Surface area measurements (Strohlein) gave 
duplicate values of 8.44 m 2 g -1 and 7.57 m g . 

20 Example 2 . 

A 5 082 kg sample of epostane was divided into two batches each of 2.541 kg and | eac J> ^ h ^ 
dissolved in lO.HTitras of DMF under a flow of nitrogen gas at 60°C to give a dark brown, almost £lack 
coloured ^solution When alt of the epostane had dissolved, the two batches ^ecombmed m atogeM 

"«ihro mixers" were switched off after a uniform suspension was achieved (approximately 30 .^ con ^j- 
S£* wh1te^u£endon was stirred out overnight under a blanket of nitrogen gas and the mixture was 

» SonS ' tte suspension through a polypropylene filter doth (smooth ajde^ tata B upwarda)_ one 
ttmDeSure tor 5 days? The material was spread out thinly on the trays and the larger lumps* of mat enal 

2£3!S^^ — -n*— epostane 58 of 

40 ^ tSSSffSSXi*** a narrow distribution of particle sizes whh the ^ffgfi 
partiXs less than 5 um in size. Surface area measurements (Strohlein) gave duplicate values of 7.27 m g 
and 7.36 m 2 g-'. 

4S Example 3 

50 wi^m the range of from ZQ*C to 35X and then water at room temperature (1 .05 litres) was added over one 
of the following approximate periods, namely: 
0.5 minutes — manually 
2 minutes — via peristaltic pump 
4 minutes — via peristaltic pump 

55 Thesufpenl^ 

then the precipitated material was recovered by filtration. The residues, after wash ngwith water (3 litres), 
wire dried unde^d^oed pressure overnight and then in a vacuum oven (approximately 2.6 mbar (2 mm 

so H9l) M bSes of m«erla 2 ttuted were shown to be predominantly of the desired end Polym^ 
below: 
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Addition time (minutes) Surface Area (m 2 g~ 1 ) 

0.5 9-49, 9.80 

2 5.34. 538 

5 4 3.79, 3.83 

32 1.72,1.48 

Example 4 

500 g of epostane were dissolved in DMF (2.1 litres) at 40°C and the solution *^^ n "^ " 

* described in Example 3 above. Water (2.1 litres) at 25.5°C was added over 6 minutes via a previously 
calibrated Watson-Mariow 501 Hiflow peristaltic pump. 

After the addition of water was complete, the suspension was stirred for a further hour. The epostane 
recovered by filtration through a polypropylene cloth was washed carefully with 6 litres of water. The filter 

* cake was dried under suction overnight and then transferred to a vacuum oven where It was dried In vacuo 
15 (2.6 mbar (2 mm HgJ) for 4 hours at ambient temperature and 16 hours at 60°C. 

The yield of the white crystalline product was 479 g (96%). 

Duplicate values of 3.11 rr^g- 1 and 3.17 m 2 g -1 (Strohlein) were obtained on the matenal produced. 

Example 5 

20 2.1 kg of epostane were placed In a 20 litre flat top reactor, fitted with thermometer, nitrogen bleed and 
a Citenco overhead mechanical stirrer. DMF (8.82 litres) pre-heated to 40°C was added to the reactor under 
a blanket of nitrogen gas. The mixture was stirred at 300 r.p.m. until all the epostane had dissolved (3 to 4 
minutes). The temperature of the DMF solution was 34.5°C. Water at 27.5°C was added at a rate of 1 .47 litres 
min~ 1 for 6 minutes. , . ... ... 

6 Crystallisation commenced after 2.25 minutes. After the water addition was complete, the liquiaYsohd 
suspension was stirred out for 1 hour under a blanket of nitrogen gas. - 

The epostane was recovered by filtration on a polypropylene filter cloth (smooth surface upwards) and 
washed well with distilled water (1 x 20 litres, 1 x 12 litres, 2x4 litres). The material was dried under 
suction overnight and then transferred to stainless steel trays and air-dried for 3 days and finally dried 
30 under vacuum (2.6 mbar [2 mm Hgl) at 60°C for 16 hours. 

To further batches of 2.1 kg and 1 kg were also processed as described above. 

The three products thus-obtained were ail of the desired polymorphic form, all had surface areas 
(Strohlein) in the range from about 3.1 to about 3.3 n^g" 1 and recoveries ranged from 92 to 95.4%, 

35 Example 6 

Effect of Addition Rate on Particle Size (Trilostane) 

For each of five experiments, trilostane (200 g) was dissolved in DMF (1.27 litres) at 60°C in a 2 litre fiat- 
topped reactor under a nitrogen atmosphere and the solution stirred at about 200 r.p.m. by a glass 
Herschberg stirrer driven by a Buddeberg overhead air driven stirrer motor. The solution was allowed to 

40 cool within the range of from 30°C to 35°C and then water at room temperature (0.635 litres) was added 
over one of the following approximate periods using a previously calibrated peristaltic pump: 

0.5 minutes 
2 minutes 

45 4 minutes 

8 minutes 
16 minutes 

The suspensions resulting from the addition of water were stirred for a further hour under nitrogen and 
so then the precipitated material was recovered by filtration. The residues after washing with 50% aqueous 
DMF (1 litre) and water (3X2 litres) were dried In a vacuum oven (approximately 2.6 mbar 12 mm Hgl) at 
60°C for 16 hours. 

All batches of material were shown to be acceptable analytically. The results of determinations of the 
surface areas (Strohlein) of the materials produced and the percentage recoveries are given below: 
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Addition time 
(minutes j 


Surface area 


(Recovery %) 


0.5 


5.25 


95.4 


2 


2.86 


95.6 


4 


1.54 


94.4 


8 


0.96 


92.2 


16 


1.29 


90.3 



Example 7 

^^^^^^Jil^Z^^s disso.ved in DMF (140 ml) at 50°C In a 1 litre 
tJS^i^^^S^^SSS^ .ndSha solution stirred at about 200 r.p.m. by a glass 
M^htenS driven bv a Biiddeberg overhead air driven stirrer motor. The solution was aHowed to 
cooTwiS ^renieTfrem 30^C to 35»C and then water at room temperature (140 ml) was added over 
^e rf*e foJlowinl approximate periods using a previously calibrated peristals pump: 

0.8 minutes 
2 minutes 
8 minutes 
16 minutes 

The suspensions resulting from the addition of water were stirred for a further hour undei ' "|Wn and 
thente^Sd material was collected by filtration. The residues after washing, wrth ,60% aqueous 
DMF aooml) and water (2 x 700 ml) were dried In a vacuum oven (approximately Mmbw » mmHg]) at 
BtfCfoMS houre AU batches of material produced were shown to be acceptable analytically. The results of 

are given below: 



Addition time 
(minutes) 



Surface area 
<mV 1 ) 



(Recovery %) 





0.5 


5.48 


96 


40 


2 


4.86 


96 




8 


3.34 


94 




16 


4.28 


92.5 



Claims 



1. A method of preparing a compound having a basic ring structure of the general formula: 



so 



NC 



v o (II) 



or 




(III) 



wherein Xrepresents the remainderof a heterocyclic ring, in particular a 5-membered ring having at Ieast2 
heteroatoms, or a compound of the formula: 



8 



EP 0142 309 B1 



OH 



10 



30 



35 



40 




CH„ 



(VIII) 



•"TSIiaSSSSS » wTJ*S-'!^3*. <**-• «*»"" *• '*? •• "52" " *• ■"- 

,o Tsssi'sssai iiri'-5-v-». rrrsz a"**" '* •°'"'* < ' 
^r^JotpX"-*^^ — — - «~~- 

MfcnUn.. „lv«*,rtol. d«rt«ol. 17J«to«ll~»o. "~K?SSL which inoMdo. ft. «»P of Isolating ft. 

mmmmm 

blending subsequent to isolation of the ^^^^^^e organic solvent and/or the 
3 minutes after mixing is commenced. 
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PatentansprDche 



1. Eine Methode zur Herstellung einer Verbindung mit der grundlegenden Rlngstruktur nach der 
ailgemeinen Formel: 



NC - 



op? 3 



odar 




(IH) 



dadurch gekennzeichnet dass x den Rest eines heterocyclischen Rings darstellt insbesondere eines fOnf- 
giiedrigen Rings mit wenigstens zwei Heteroatomen Oder eine Verblndung nach der Formel: 



9 



is 



20 



25 



EP 0142 309 B1 

OH 




(VIII) 



in einer Form, welche eine reduzlerte Tailcha^ J-* 
Verbindung in einem organ schen die 

9 m V 1 und vorzugsweise eine spezfffeche Obarflache zwtschen 2und4mg a^" 3 ^ daa 
Oder Vehikel(n) umfasst, dadurch gekenrueichnet, dass die 9W'^ve« ilt«!n ft Creme eine Salbe, ein 
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Revendicatlons 

1. Une methode de preparation d'un compose ayant une structure cycfique de base dont la formula 
generate est: 



NC 

O 



ou 




(II) <'"> 



7s ou X est le rests du noyau heterocyclique, plus particullerement un noyau a 5 chaTnons ayant au moins 2 
heteroatomes, ou un compose dont la formul© est: 



25 




(VIII) 



sous une forme ayant une granulomere reduite, caracteris* par le fait que a) le eomp os* esr soluMlise 
dans un solvant organique, (b) le compose est precipite de la solution par melange de la solution qui vient 
2'etre obtenue, avec un non-solvant pour le compose, et (c) les conditions de melange sont controlees de 
maniere a malntenir la duree du melange entre 0,5 et 32 minutes, en effectuant en memo temps une 
Son du melange, et par ceci de former un precipe ayant des dimensions des grains • ^Kes pour 
obtenir <d> un compose sous forme des particutes dont le diametre du volume moyende la sphere equ.va- 
lente est inf6rieur a 20 urn, et au moins 95% des particules ont des dimensions inferieures a 50 urn. 

2. Une methode, selon la revendication 1, dans laquelle les conditions de melange sont contrdlees de 
maniere a preparer le compose sous la forme des particules dont te diametre du volume moyen de la 

SPh ? :&X&?£ it revocation 1 ou la revendication 2 dans laquelle le ^^n^l 
maniere a preparer le compose ayant une valeur de la surface specifique de 1 a 9 m 2 g \ de preference de 2 

k 4 4*tlne methode, selon I'une quelconque des revendications qui precedent, dans laquelle le dimethyl- 
formamide ou I'ac&one est ie solvant organique, et/ou I'eau est le non-solvant. nmnnrtinn 

5. Une methode, selon I'une quelconque des revendications qui precWent^ 
du non-solvant dans le melange avec la solution est contrdlee de maniere a obtenir des dimensions de 
particules aux caracteristiques desirees. i»^i, ir «« x.. 

6. Une methode, selon I'une quelconque des revendications qui precedent, dans laquelle le volume du 
non-solvant a peu pres egal au volume du solvant est melange avec la solution pendant une penode de 4 
a 10 minutes, de preference d'envlron 6 minutes. 

7. Une methode, selon I'une quelconque des revendications qui precedent, dans laquelle la solution est 
aartee pendant le melangeage et/ou la suspension liquide/sollde obtenue lora du melangeage est remuee. 
agrtee P^"^ j? une qusfconq P ue des revendications qui precedent dans aquelle le compose 
est: I'epostane, le trilostane, le nivacortol, le danazol, le ^-ketotrilostene ou stanozolol. 

9. Une methode, selon I'une quelconque des revendications qui precedent, qui (a) comporte le stade de 
la separation du compose ayant les dlmensions des particules desires, ladite separation comportant de 
preference, un ou plusieurs stades de sechage, s&ectionne parmi le sechage a I aspiration par liMrli 

55 sechage aux etageres et le sechage au four, et <b) comporte egalement, de Preference, un ou ' P^ure 
stadelcomplementaires de melangeage du compose isole ayant des dimensions d« Partcules duites 
avec un ou plusieurs excipients ou supports acceptables pour I'application pharmaceutique, ie cornposd 
melange etant de preference, mis en forme dans un dosage unitaire, comme compnme, capsule. 
pour suspension, creme. onguent suppositoire ou suspension et lesdits stades 

so comportant de preference, la granulation et le melange final apres ('isolation du compose a dimensions 

dCS iKe^e^ I'une quelconque des revendications qui precedent, dans laquelle le solvant 

organique et/ou la dilution de la solution sont selectionnes de maniere a empecher ^ impose de w 
precipfter de la solution immediatement lors du melange avec le non-solvant le retardement de (a 
H ^5 precipitation 6tant de I'ordre de 2 a 3 minutes apres le debut du melange. 
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